Background: Laryngeal injuries following intubation have a reported incidence from 63 to 94% and
complications. Our group has previously described a very high incidence of postintubation stridor in women in south Indian ICU. [9] While several studies assessing the laryngeal complications are available in Caucasoid populations minimal data is available in the literature regarding south Indian population. Therefore we prospectively evaluated the laryngeal lesions in patients after prolonged intubation to determine the association with risk factors. The ethics committee of the hospital approved the study and informed consent was obtained from all subjects.
Materials and Methods
This prospective study was conducted in Sundaram Medical Foundation, Chennai, a 140-bedded hospital with a 16-bedded Intensive Care unit for 1 year from September 2002 to August 2003. All patients, age >14 years, extubated at the intensive care unit of our hospital after at least 24 h of intubation were included in the study. Laryngeal examination was done on the day of extubation and 3 weeks later with a rigid 70, direct laryngeal videoendoscopy by the ENT surgeon who was blinded to the intubation variables. Patients who subsequently underwent tracheostomy, history of previous intubation within 8 weeks, intubations done outside this hospital and accidental extubation were excluded from the study.
The association of laryngeal findings with demographic details along with medical history (cigarette smoking, COPD, diabetes mellitus and congestive heart failure) and intubation variables [nature of intubation (emergency or elective), size of endotracheal tube, skill of intubating personnel (Consultant/ Resident), cuff pressure during the intubated period, total period of intubation] were studied.
Statistical analysis
The results were analyzed using STATA 7.0 statistical software. Parametric (normally distributed) data were analyzed using t-test for group comparisons. Nonparametric (skewed) data were analyzed using Kruskal-Wallis test. Univariate correlation between presence of laryngeal complications and parametric variables was done using Spearman's coefficient of correlation. Chi-square test was used to analyze data computed with a 2×2 table. A stepwise multivariate regression model was used to correlate the variables found significant in univariate analysis.
Results
About 51 patients were included in the study. The demographic data as shown in Table 1 did not influence the laryngeal findings on the day of extubation and after 3 weeks.
Laryngeal abnormalities were seen in 41 of the 51 patients during examination on the day of extubation. The most common feature was vocal cord erythema, which was present in nearly half the patients. [ Figure 1 ] shows the various complications seen and their frequencies on the day of extubation. At the end of 3 weeks after extubation, only 10 patients had abnormal laryngeal findings [ Figure 2 ]. Vocal cord granuloma was the most common feature in the set of abnormal findings at 3 weeks. Table 2 shows data regarding intubation variables and their association with the laryngeal sequelae on the day of extubation and after 3 weeks. Univariate analysis of the intubation variables showed larger endotracheal tube size (P=0.04), skill of intubating doctor (consultant or registrar; P=0.02), nature of intubation (elective or emergency; P=0.07) and longer duration of intubation (P=0.01) influenced postextubation laryngeal sequelae. When subjected to statistical multivariate analysis, larger endotracheal tube size (P=0.04), emergency intubation (P=0.02) and prolonged intubation (P=0.005) were the only significant factors associated with the laryngeal findings on the day of extubation as shown in Table 3 . The presence of laryngeal complications at the end of 3 weeks after extubation was related only to the duration of intubation (P=0.001).
Discussion
Patients needing ventilation through artificial airways in the ICU is a common occurrence. Laryngeal injuries following intubation have a reported incidence from 63 [10] to 94% [5] and permanent sequelae are reported to be about 10 [10] to 22% [8] in the world literature. Earlier, tracheostomy was done when the decision for prolonged intubation was made to avoid the laryngeal injuries. Improvement in cuff design (high volume low pressure cuffs) has permitted prolonged ventilation through endotracheal tube. The time to switch over from endotracheal tubes to tracheostomy is controversial. Current data suggest that ventilation through high volume low-pressure endotracheal tubes are the method of choice of artificial airway up to 3 weeks. [11] The laryngeal injuries can vary from mucosal injuries like vocal cord erythema, edema, granulations and ulcerations to more permanent sequelae like arytenoids dislocation, [1] [2] [3] vocal cord palsy [4] [5] [6] and subglottic stenosis. [4, 10] In our study vocal cords and the arytenoids were the only components of the larynx involved in injuries. There were no patients with vocal cord paralysis, arytenoid dislocations or tracheal and subglottic stenosis in this study population.
Risk factors like smoking, [12] diabetes mellitus, [13] COPD, congestive heart failure [13] were not associated with the laryngeal sequelae as reported in the literature. The study population had a 42% incidence of patients with co morbidities. Though the co-morbidities would have probably influenced the duration of intubation indirectly, they did not seem to have any direct influence on the presence of laryngeal complications. Chronic obstructive pulmonary disease and smoking, though expected to contribute to the presence of laryngeal injuries, did not do so in our study. It is likely due to the small number of patients with these conditions. Age, gender, height, weight and Body Mass Index did not affect the occurrence of laryngeal sequelae. The female gender is expected to be more prone to laryngeal injuries due to the smaller size of their larynges. An earlier retrospective study [9] of 304 patients in our intensive care unit by Rajagopalan et al. [9] had shown female gender was shown to be a significant predictor of post-extubation stridor (P=0.0003). In our study, laryngeal sequelae were not associated with gender.
Laryngeal injuries are seen in patients intubated with larger size endotracheal tube. The determination of tube size of an adult patient is usually based on the physician's assessment of neck morphology and external features of the larynx. There is no standard formula to serve as a guide to appropriate tube size. A size eight endotracheal tube is generally used for adults and size 7 or 7.5 for small built adults.
Literature [10, 14] shows increased incidence of laryngeal injuries with higher cuff pressures. In our study population, 90% of the patients had a standard cuff pressure of 30 cm H 2 O. The cuff pressure is maintained as per the recommended guidelines and is monitored twice a day in our intensive care unit. The cuff restricts the flow of blood through the tracheal tissues thus causing ischaemic damage.The use of high-volume, lowpressure endotracheal tubes is also a routine practice in our intensive care unit. These tubes have a cuff with a large resting volume and diameter and a thin compliant wall that allows a seal with the trachea to be achieved without stretching its wall. This reduces the risk of injury to tracheal tissues, there by reducing the risk of significant cuff-induced complications following prolonged intubation.
The association of more laryngeal complications with emergency intubations is an expected occurrence. Intubations done in the emergency sitting have the disadvantages of less preparation, inadequate patient sedation and less co-operation on the part of the patient that can be responsible for higher occurrence of laryngeal injuries.
The skill of the intubating physician also plays an important role in the genesis of laryngeal injuries. The residents and trainees with less skill and experience have comparatively greater association with complications than the consultants. However, the fact that the skill of the intubating physician becomes insignificant on multivariate analysis gives an impression that the other factors in selection of tube size, the duration of intubation and the circumstances of intubation have a greater relevance and significance. Use of appropriate tube size and monitoring of duration of intubation is essential in the prevention of laryngeal injuries.
Summary and Conclusion
Prolonged laryngeal complications are rare but important sequelae of artificial airways. Initial laryngeal injuries are quite common (80%). Most of the patients tend to recover, as these are superficial mucosal injuries. Only about 20% of the patients had permanent sequelae. In this study, a stepwise multivariate regression model showed that post-extubation laryngeal injuries on the day of extubation were associated with larger tube size, emergency intubation and longer duration of intubation. At the end of three weeks, duration of intubation was the only predictor of post extubation laryngeal sequelae.
Use of high-volume, low-pressure cuffs and regular monitoring of cuff pressures seems to decrease the laryngeal injuries secondary to prolonged intubation. Use of appropriate tube size and monitoring of duration of intubation is of paramount importance. A systematic laryngeal examination after extubation, whenever indicated, decreases the secondary sequelae by initiating appropriate measures when necessary.
The small number of patients as well as the decision to exclude patients, who underwent tracheostomy, limits our study. It is possible that many patients underwent tracheostomy due to laryngeal lesions and were not represented in the study.
Large multi-centre studies with bigger cohorts are needed to definitely establish the role of medical disorders and other parameters in producing laryngeal complications in patients with prolonged intubation.
